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[Name of Document] SPECIFICATION 

[Title of the Invention] TRANSISTOR AND ELECTRONIC DEVICE 

[Claims] 

[Claim 1] A transistor comprising: 

an insulating substrate; ' 

a first metal film provided on said insulating substrate; 

a first layer, which is arranged on said first metal film and which 
is made of an N-type semiconductor which is electrically connected to 
the first metal film; 

a second layer, which is provided on said first layer and which is 
made of a P-type semiconductor; 

a third layer, which is provided on said second layer and which is 
made of an N-type semiconductor; 

a second metal film/ which is provided on said insulating substrate 
in such a manner as not to be brought into contact with said first metal 
film but which is brought into contact with said second layer; and 

a third metal film which is provided on said insulating substrate 
in such a manner as not to be brought into contact with said first metal 
film and said second metal film but which is brought into contact with 
said third layer. 

[Claim 2] A transistor according to Claim 1, wherein said first layer 
functions as a collector, 

said second layer functions as a base, and 

said third layer functions as an emitter. 
[Claim 3] A transistor according to Claim 1 or 2, wherein said first 
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metal film functions as collector wiring, 

said second metal film functions as base wiring, and 
said third metal film functions as emitter wiring. 

[Claim 4] A transistor according to any one of Claims 1 to 3, wherein 
said second layer is formed on the entire top surface of said first 
layer, and said third layer is formed on a part of the area of the top 
surface of said second layer . 

[Claim 5] A transistor according to any one of Claims 1 to 4, wherein 
said first layer and said second layer are each formed in a rectangular 
plate shape, and 

said third layer is formed in a rectangular shape, which is longer 
and narrower than that of said first layer and said second layer. 

[Claim 6] A transistor according to any one of Claims 1 to 5, wherein 
said first layer, said second layer, and said third layer are formed so 
as to cross on the top surface of said first metal film. 

[Claim 7] A transistor according to any one of Claims 1 to 6, wherein 
said first layer, said second layer, and said third layer are formed of 
layers that are formed as very small tile-shaped elements, which are 
very small tile-shaped semiconductor elements. 

[Claim 8] A transistor according to Claim 7, wherein said very small 
tile-shaped elements are such that a collector electrode is formed on 
the bottom surface of said first layer, a base electrode is formed in an 
area other than the area where said third layer is provided on the top 
surface of said second layer, and an' emitter electrode is formed on the 
top surface of said third layer, and 
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said collector electrode in said very small tile-shaped elements is 
joined to said first metal film, said base electrode is joined to said 
second metal film, and said emitter electrode is joined to said third 
metal film. 

[Claim 9] A transistor according to any one of Claims 1 to 8, wherein 
said transistor is formed of a transistor that functions as a hetero- 
bipolar transistor. 

[Claim 10] A transistor according to Claim 9, wherein said first 
layer is an N-type semiconductor made of gallium and arsenic, 

said second layer is a P-type semiconductor made of gallium and 
arsenic, and 

said third layer is an N-type semiconductor made of aluminum, 
gallium, and arsenic. 

[Claim 11] A transistor according to any one of Claims 1 to 10, 
wherein a plurality of said first layers are provided on said one first 
metal film, and - - - -' 

said second layer and said third layer are provided for each of 
said first layers . 

[Claim 12] A transistor according to Claim 11, wherein a plurality of 
said second layers are interconnected with one another by said one 
second metal film, and 

a plurality of said third layers are interconnected with one 
another by said one third metal film. 

[Claim 13] A transistor according to any one of Claims 1 to 12, 
wherein said first metal film, said second metal film, and said third 
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metal film do not intersect one another. 

[Claim 14] A transistor according to any one of Claims 1 to 13, 
wherein the portion of said second metal film that is not connected to 
said second layer in the second metal film is directly provided on said 
insulating substrate, and 

the portion of said third metal film that is not connected to said 
third layer in the third metal film is directly provided on said 
insulating substrate. 

[Claim 15] An electronic device comprising an optical interconnection 
circuit according to any one of Claims 1 to 14. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a transistor and an electronic 
device . 

[0002] 

[Description of the Related Art] 

A hetero-bipolar transistor (HBT) , which is a device capable of 
amplifying a high-frequency signal on the order of Gigahertz, has a 
construction in which a collector layer, a base layer, and anemitter 
layer are layered in sequence on a semi-insulating semiconductor 
substrate. When the shape of this hetero-bipolar transistor (unit 
element) is increased, the output increases, but performance, such as 
operating speed, decreases. Therefore, usually, in order to form an 
amplification circuit capable of high speed and a large output, a 
plurality of hetero-bipolar transistors (unit elements) are formed on 
substrate, and the plurality of the unit elements are connected in 
parallel, forming one amplification circuit as a whole (for example, 
refer to Patent Document 1) . 
[0003] 

[Patent Document 1] 

Japanese Unexamined Patent Application Publication No. 6-326330 
[0004] 

[Problems to be Solved by the Invention] 

However, since the hetero-bipolar transistor is a three-terminal 
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device, if, by using wiring, attempts are made to connect in parallel 
terminals of a plurality of unit elements provided on the top surface of 
a substrate, a three-dimensional intersection occurs in the wiring in 
the conventional case. Since the intersection of this wiring act as a 
capacitance, which causes the characteristics to be deteriorated, 
complicated manufacturing measures, such as making the intersection by 
providing an air gap (air bridge) , are necessary. 
[0005] 

In order to avoid this situation, there is a method in which 
collector layers in all the unit elements are made continuous, and a 
common collector electrode is provided at only one place. However, in 
this method, since the resistance of the collector layers cannot be 
decreased sufficiently, it is difficult to realize a high-performance 
hetero-bipolar transistor. 

[0006] 

-The. present invention has been made in view of the above-described 
circumstances. An object of the present invention is to provide a 
transistor capable of operating at a higher speed although its 
construction is easy to manufacture, without requiring wiring to 
intersect three-dimensionally even if unit elements are connected in 
parallel, and to provide an electronic device. 
[0007] 

[Means for Solving the Problems] 

To achieve the above-mentioned object, the transistor of the 
present invention includes: an insulating substrate; a first metal film 
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provided on the insulating substrate; a first layer, which is arranged 
on the first metal film and which is made of an N-type semiconductor; a 
second layer, which is provided on the first layer and which is made of 
a P-type. semiconductor; a third layer, which is provided on the second 
layer and which is made of an N-type semiconductor; a second metal film, 
which is provided on the insulating substrate in such a manner as not to 
be brought into contact with the first metal film but which is brought 
into contact with the second layer; and a third metal film which is 
provided on the insulating substrate in such a manner as not to be 
brought into contact with the first metal film and the second metal film 
but which is brought into contact with the third layer. 

According to the present invention, a bipolar transistor in which 
the first layer serves as a collector, the second layer serves as a base, 
and the third layer serves as an emitter can be formed. ' Here, since the 
first layer, which is a collector, is directly formed on the first metal 
film provided on the insulating substrate, heat dissipation 
characteristics are improved compared to a case where a collector layer 
is directly formed on the insulating substrate, as in a conventional 
structure, the reliability is improved, and .the driving power can be 
easily increased. Thus, a compact transistor capable of high-speed 
operation can be easily formed. 
[0008] 

Furthermore, in the transistor of the present invention, preferably, 
the first layer functions as a collector, the second layer functions as 
a base, and the third layer functions as an emitter. 
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According to the present invention, for example, by inputting an 
electrical signal to the second metal film with the first metal film at 
a grounding potential, and by applying a bias voltage to the third metal 
film via a resistor, etc., a high-gain amplification circuit capable of 
amplifying a high-frequency signal can be formed. 

[0009] 

In the transistor of the present invention, preferably, the first 
metal film functions as collector wiring, the second metal film 
functions as base wiring, and the third metal film functions as emitter 
wiring. 

According to the present invention, for example, the first metal 
film can be made to function as a collector electrode and collector 
wiring connected to the collector electrode, the second metal film can 
be made to function as a base electrode and base wiring connected to the 
base electrode, and the third metal film can be made to function as an 
emitter -electrode and emitter wiring connected to the emitter electrode. 
As a result, it is possible to easily form a compact transistor having 
good heat dissipation characteristics and high reliability, capable of 
easily achieving large driving power, and capable of high-speed 
operation. 

[0010] 

In the transistor of the present invention, preferably, the second 
layer is formed on the entire top surface of the first layer, and the 
third layer is formed on a part of the area of the top surface of the 
second layer. , 
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According to the present invention, since the second layer is 
formed on the entire top surface of the first layer, whereas the second 
metal film is directly formed on the insulating substrate, the second 
metal film can be connected to the second layer without being brought 
into contact with the first metal film and the first layer and without 
intersecting the first metal film and the first layer. Therefore, 
according to the present invention, since air-gap wiring for allowing 
wiring to intersect one another is not necessary, the wiring capacitance 
can be reduced, and the transistor can be manufactured simply and easily. 
[0011] 

In the transistor of the present invention, preferably, the first 
layer and the second layer are each formed in a rectangular plate shape, 
and the third layer is formed in a rectangular shape, which is longer 
and narrower than that of the first layer and the second layer. 

According to the present invention, by forming the first layer, the 
second layer, and the third layer to be in a rectangular shape, a high- 
performance transistor for which wiring is easy can be formed. 

[0012] 

In the transistor of the present invention, preferably, the first 
layer, the second layer, and the third layer are formed so as to cross 
on the top surface of the first metal film. 

According to the present invention, for example, when a plurality 
of NPN structures formed of the first layer, the second layer, and the 
third layer are provided on one first metal film, the second metal film 
to which the electrode (base electrode) of each second layer is 
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connected can be provided on one side of the first metal film, and the 
third metal film to which the electrode (emitter electrode) of each 
third layer is connected can be provided on the other side of the second 
metal film. Therefore, when a plurality of NPN structures are formed on 
one first metal film, whereas the first metal film, the second metal 
film, and the third metal film are directly formed on the insulating 
substrate, the second metal film can be connected to each second layer, 
and the third metal film can be connected to each third layer in such a 
manner that those metal films do not contact each other and do not 
intersect each other. 
[0013] 

In the transistor of the present invention, preferably, the first 
layer, the second layer, and the third layer are formed of layers that 
are formed as very small tile-shaped elements, which are very small 
tile-shaped semiconductor elements. 

According to the present invention, by forming the first layer, the 
second layer, and the third layer by very small tile-shaped elements, 
the first layer, the second layer, and the third layer can be simply and 
easily provided at desired positions on the first metal film, and the 
flexibility of arrangement and the ease of changing the arrangement can 
be improved. Furthermore, according to the present invention, the first 
layer, the second layer, and the third layer can be formed individually 
in advance as the very small tile-shaped elements, and the first layer, 
the second layer, and the third layer can be individually checked and 
selected. Thus, a high-quality transistor can be easily provided. 
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[0014] 

In the transistor of the present invention, preferably, the very 
small tile-shaped elements are such that a collector electrode is formed 
on the bottom surface of the first layer, a base electrode is formed in 
an area other than the area where the third layer is provided on the top 
surface of the second layer, and an emitter electrode is formed on the 
top surface of the third layer, and the collector electrode in the very 
small tile-shaped elements is joined to the first metal film, the base 
electrode is joined to the second metal film, and the emitter electrode 
is joined to the third metal film. 

According to the present invention, the very small tile-shaped 
elements can be simply and easily joined at desired positions on the 
first metal film, the second layer can be simply and easily joined to 
the second metal film, and the third layer can be simply and easily 
joined to the third metal film. Thus, a high-quality transistor can be 
easily provided. 

[0015] 

In the transistor of the present invention, preferably, the very 
small tile-shaped elements are joined to the first metal film on the 
insulating substrate, the first layer of the very small tile-shaped 
elements -being the joining, surf ace . 

[0016] 

The transistor of the present invention is preferably formed of a 
transistor that functions as a hetero-bipolar transistor. 

According to the present invention, for example, by making the band 
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gap of the first layer different from the band gap of the third layer, a 
hetero-bipolar transistor can be formed. Thus, according to the present 
invention, an amplification circuit capable of amplifying a high- 
frequency signal used in wireless communication at a high gain can be 
simply and easily provided. 
[0017] 

In the transistor of the present invention, preferably, the first 
layer is an N-type semiconductor made of gallium and arsenic, the second 
layer is a P-type semiconductor made of gallium and arsenic, and the 
third layer is an N-type semiconductor made of aluminum, gallium, and 
arsenic. 

According to the present invention, a* hetero-bipolar transistor can 
be simply and easily formed. Furthermore, according to the present 
invention, a plurality of unit elements, which form hetero-bipolar 
transistors, are arranged on one first metal film, and the plurality of 
unit elements can be connected in parallel in -such a manner that a 
three-dimensional intersection of the plurality of unit elements does 
not occur. Thus, according to the present invention, it is possible to 
easily provide a hetero-bipolar transistor which is capable of achieving 
a larger output and which operates, at a higher speed than conventionally. 
[0018] 

In the transistor of the present invention, preferably, a plurality 
of the first layers are provided on the one first metal film, and the 
second layer and the third layer are provided for each of the first 
layers . 
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According to the present invention, a plurality of hetero-bipolar 
transistors can be formed by using one first metal film as a common 
collector electrode and wiring. Thus, according, to the present 
invention, the characteristics of hetero-bipolar transistors can be 
matched with high precision. 
[0019] 

In the transistor of the present invention, preferably, a plurality 
of the second layers are interconnected with one another by the one 
second metal film, and a plurality of the third layers are 
interconnected with one another by the one third metal film. 

According to the present invention, by using one first metal film 
as common collector wiring, by using one second metal film as common 
base wiring, and by using one third metal film as common emitter wiring, 
a plurality of hetero-bipolar transistors (unit elements) can be 
connected in parallel. Here, since the first metal film, the second 
metal film, and the third metal film by which unit elements are 
connected in parallel are each directly formed on the insulating 
substrate, there is no three-dimensional intersection of the wiring. 
Thus, according to the present invention, a hetero-bipolar transistor 
which is capable of achieving a large output and which operates at a 
higher speed than conventionally can be provided. 

Furthermore, according to the present invention, for example, by 
making a portion connected to the electrode of each unit element in each 
of the first metal film, the second metal film, and the third metal film 
be the same shape for each unit element, the wiring shape of each unit 
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element can be made the same. Thus, according to the present invention, 
it is possible to provide a hetero-bipolar transistor in which unit 
elements whose characteristics are matched with one another are 
connected in parallel. 

Furthermore, according to the present invention, since the first 
metal film, the second metal film, and the third metal film formed on 
the insulating substrate are directly connected to the electrode of each 
unit element, there is no need to provide a via hole for adjusting the 
wiring length to each electrode of each unit element, and a high- 
performance hetero-bipolar transistor can be provided at low cost 
through simple and easy manufacturing steps. 
[0020] 

In the transistor of the present invention, preferably, the first 
metal film, the second metal film, and the third metal film do not 
intersect one another. 

. According to the present invention, since the first metal film, the 
second metal film, and the third metal film do not intersect or cross 
over one another, the wiring capacitance can be reduced, and a high- 
performance transistor which can be manufactured easily can be provided. 
[0021] 

In the transistor of the present invention, preferably, the portion 
of the second metal film that is not connected to the second layer in 
the second metal film is directly provided on the insulating substrate, 
and the portion of the third metal film that is not connected to the 
third layer in the third metal film is directly provided on the 
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insulating substrate. 

According to the present invention, since the major portions of the 
first metal film, the second metal film, and the third metal film can be 
directly provided on the insulating substrate, it is possible to provide 
a high-speed, large-output hetero-bipolar transistor having good heat 
dissipation characteristics, having high reliability, and which can be 
manufactured simply and easily. 
[0022] 

An electronic device of the present invention includes the 
transistor. 

According to the present invention, it is possible to provide an 
electronic device including a higher-speed, large-output amplifier 
having good heat dissipation characteristics, high reliability, which is 
capable of being simply and easily manufactured. Thus, by forming a 
wireless device, such as a mobile phone or a wireless LAN having' the 
transistor, it is possible to provide a higher-performance, inexpensive 
wireless device. 
[0023] 

In a transistor manufacturing method of the present invention, a 
first metal film is. provided on an insulating substrate; a first layer 
made of an N-type semiconductor is provided on the first metal film; a 
second layer made of a P-type semiconductor is provided on the first 
layer; a third layer made of an N-type semiconductor is provided on a 
part of the area of the second layer; a second metal film, which is 
connected to the second layer, is provided on the insulating substrate 
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in such a manner as not to be in contact with the first metal film; and 
a third metal film, which is connected to the third layer, is -provided 
on the insulating substrate in such a manner as not to be brought into 
contact with the first metal film and the second metal film. 

According to the present invention, it is possible to manufacture a 
bipolar transistor in which, for example, the first layer is a collector 
the second layer is a base, the third layer is an emitter, the first 
metal film is a collector electrode or wiring, the second metal film is 
a base electrode or wiring, and the third metal film is an emitter 
electrode or wiring. Here, since the first layer which is a collector 
is directly formed on the first metal film, the heat dissipation 
characteristics are improved compared to a case in which a collector 
layer is directly formed on an insulating substrate, as in a 
conventional structure. Therefore, according to the present invention, 
it is. possible to easily form a compact transistor having higher 
reliability and larger output power than the conventional.. transistor,. ._ 
which is capable of higher-speed operation. 
[0024] 

In the transistor manufacturing method of the present invention, 
there is provided a very small tile-shaped element including a first 
layer made of an N-type semiconductor; a second layer, which is provided 
on the first layer and which is made of a P-type semiconductor; a third 
layer, which is provided on a part of the area of the second layer and 
which is made of an N-type semiconductor; a first electrode provided on 
the bottom surface of the first layer; a second electrode provided in an 
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area other than the part of area of the second layer; and a third 
electrode provided on the top surface of the third layer. A first metal 
film is provided on an insulating substrate. The very small tile-shaped 
element is arranged on the first metal film so that the first electrode 
of the very small tile-shaped element is connected to the first metal 
film. A second metal film connected to the second electrode is provided 
on the insulating substrate and on a part of the second electrode. A 
third metal film connected to the third electrode is provided on the 
insulating substrate and on a part of the third electrode. 

According to the present invention, by providing a first metal film 
on an insulating substrate, by arranging a very small tile-shaped 
element on the first metal film, and by joining the first electrode of 
the very small tile-shaped element and the first metal film, it is 
possible to simply and easily manufacture a high-performance bipolar 
transistor. More specifically, for example, the first layer of the very 
small tile-shaped element becomes the collector, the "second layer is a 
base, and the third layer is an emitter. Furthermore, the first 
electrode of the very small tile-shaped element is a collector electrode 
the second electrode is a base electrode, and the third * electrode is an 
emitter electrode. Then, the first metal film is collector wiring. 
With such an arrangement, since heat generated at the collector, etc., 
is efficiently transmitted to the first metal film via the first 
electrode, the heat dissipation characteristics can be improved. 

According to the manufacturing method of the present invention, the 
very small tile-shaped element can be arranged at a desired position of 
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the first metal film, and the flexibility of arrangement of the 
transistor device element and the ease of changing the arrangement 
thereof can be improved. Furthermore, according to the present 
invention, the first layer, the second layer, and the third layer can be 
formed individually in advance as the very small tile-shaped element, 
and the first layer, the second layer, and the third layer can be 
individually checked and selected. Thus, a high-quality transistor can 
be easily provided. 
[0025] 

In the transistor manufacturing method of the present invention, 
preferably, the first layer is formed so as to function as a collector, 
the second layer is formed so as to function as a base, the third layer 
is formed so as to function as an emitter, the first metal film is 
formed so as to function as a collector electrode or collector wiring, 
the second metal film is formed so as to function as a base electrode or 
base wiring, and the' third 'metal film is formed so as to function as an 
emitter electrode or emitter wiring. 

According to the present invention, for example, by inputting an 
electrical signal to the second metal film with the first metal film at 
a grounding potential and by applying a bias voltage to the third metal 
film via a resistor, etc., it is possible to manufacture a high-gain 
amplification circuit capable of amplifying a high-frequency signal. 
Furthermore, according to the present invention, for example, the first 
metal film can be made to function as collector wiring, the second metal 
film can be made to function as base wiring, and the third metal film 
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can be made to function as emitter wiring. As a result, it is possible 
to easily manufacture a compact transistor having good heat dissipation 
characteristics and high reliability, which is capable of easily 
increasing driving power, and capable of high-speed operation. 
[0026] 

In the transistor manufacturing method of the present invention, 
preferably, the first layer, the second layer, and the third layer are 
formed so as to cross over the top surface of the first metal film. 

According to the present invention, for example, when a plurality 
of NPN structures formed of. the first layer, the second layer, and the 
third layer are provided on one first metal film, the second metal film 
to which the electrode (base electrode) of each second layer is 
connected can be provided on one "side of the first metal film, and the 
third metal film to which the electrode (emitter electrode) of each 
third layer is connected can be provided on the other side of the second 
metal film. Accordingly, a plurality of unit elements (transistors) are 
formed on one first metal film, and the three terminals of each unit 
element can be correspondingly connected by the first metal film, the 
second metal film, and the third metal film, which are directly formed 
on the insulating substrate. Therefore, according to the manufacturing 
method of the present invention, since, whereas a plurality of unit 
elements are connected in parallel, the intersection of the wiring can 
be avoided, it is possible to manufacture a larger-output transistor 
capable of operating at a higher speed due to the fact that no 
capacitance is generated in the intersection portion. 
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[0027] 

In the transistor manufacturing method of the present invention, 
preferably, the first layer is formed by an N-type semiconductor made of 
gallium and arsenic, the second layer is formed by a P-type 
semiconductor made of gallium and arsenic, and the third layer is formed 
by an N-type semiconductor made of aluminum, gallium, and arsenic. 

According to the present invention, a hetero-bipolar transistor can 
be formed simply and easily. Furthermore, according to the present 
invention, a plurality of unit elements which form a hetero-bipolar 
transistor can be arranged on one first metal film, and the plurality of 
the unit elements can be connected in parallel so that a three- 
dimensional intersection of wiring does not occur. Therefore, according 
to the present invention, it is possible to simply and easily 
manufacture a hetero-bipolar transistor capable of a larger output and 
which operates at a higher speed than conventionally. 
[0028] , 

Furthermore, in the transistor manufacturing method of the present 
invention, preferably, a plurality of the very small tile-shaped 
elements are arranged on the one first metal film with a fixed spacing, 
the first electrode of each of the very small tile-shaped elements is 
joined to the first metal film, the second electrode of each of the very 
small tile-shaped elements is joined to the second metal film, and the 
third electrode of each of the very small tile-shaped elements is joined 
to the third metal film. 

According to the present invention, a plurality of hetero-bipolar 
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transistors (unit elements) can be connected in parallel in such a 
manner that one first metal film is used as common collector wiring, one 
second metal film is used as common base wiring, and one third metal 
film is used as common emitter wiring. Here, since the first metal film, 
the second metal film, and the third metal film, by which the unit 
elements are connected in parallel, are each directly formed on an 
insulating substrate, there is no three-dimensional intersection of the 
wiring. Therefore, according to the present invention, a hetero-bipolar 
transistor capable of a large output and which operates at a higher 
speed than conventionally can be simply and easily manufactured. 

Furthermore, according to the present invention, for example, by 
making portions connected to the electrode of each unit element in each 
of the first metal film, the second metal film, and the third metal film 
the same shape for each unit element, the wiring shapes of the unit 
elements can be made the same. Therefore, according to the present 
invention, it is possible to simply and easily manufacture a hetero- 
bipolar transistor in which unit elements whose characteristics are 
matched with one another are connected in parallel. 

Furthermore, according to the present invention, since the first 
metal film, the second metal film, and the third metal film formed on 
the insulating substrate are directly connected to the electrodes of 
each unit element, there is no need to provide a via hole for adjusting 
the wiring length to each electrode of each unit element, and a high- 
performance hetero-bipolar transistor can be provided through simple and 
easy manufacturing steps. 
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[0029] 

In the transistor manufacturing method of the present invention, 
preferably, the second layer. and the portion other than the portion 
connected to the second electrode in the second metal film are directly 
provided on the insulating substrate, and the third layer and the 
portion other than the portion connected to the third electrode in the 
third metal film are directly provided on the insulating substrate. 

According to the present invention, since the common collector 
wiring, the common base wiring, and the common emitter wiring are 
directly formed on the insulating substrate, there is no three- 
dimensional intersection of the wiring. Therefore, according to the 
present invention, a hetero-bipolar transistor capable of a large output, 
which operates at a higher speed than conventionally, can be 
manufactured simply and easily. 

[0030] 

[Description of the Embodiments] ...... 

A hetero-bipolar transistor according to an - embodiment of, the 
present invention will now be described below with reference to the 
drawings . 

Fig. 1 is a schematic side view showing one hetero-bipolar 
transistor element (unit element) according to the embodiment of the 
present invention. A unit element 1 includes a first layer 11 made of 
an N-type semiconductor, a second layer 12, which is provided on the 
first layer 11 and which is made of a P-type semiconductor, and a third 
layer 13, which is provided on the second layer 12 and which is made of 



2003-097972 

- 19 - 

an N-type semiconductor. 
[0031] 

Th'e second layer 12 is formed on the entire top surface of the 
first layer 11, and is thinner than the first layer 11 and the third 
layer 13. The third layer 13 is provided in such a manner as to cross 
the center of the top surface of the second layer, and the area of the 
top surface is smaller than the area of the top surface of the first 
layer 11 and the second layer 12. The side surfaces of the first layer 
11, the second layer 12, and the third layer 13 may be formed vertically, 
and may also be formed in a tapered shape. 

[0032] 

Nearly the entire bottom surface of the first layer 11 is provided 
with a collector electrode C (first electrode) made of a metal film. 
The portion on the top surface of the second layer 12, where the third 
layer is not provided, that is, the two side portions on the top surface 
of the second layer 12, is provided with a base electrode B (second 
electrode) made of a metal film. Nearly the entire top surface of the 
third layer is provided with an emitter electrode E (third electrode) 
made of a metal film. 
[0033] 

Each thickness of the collector electrode C, the base electrode B, 
and the emitter electrode E is greatly thinner than the first layer 11, 
the second layer 12, and the third layer 13. Then, the thickness d of 
the unit element 1, which forms the hetero-bipolar transistor, is a 
total value of the respective thicknesses of the first layer 11, the 
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second layer 12, and the third layer 13, and the respective thicknesses 
of the collector electrode C and the emitter electrode E, and is set at, 
for example, several um. 
[0034]. 

The first layer 11 is formed -by an N-type semiconductor made of, 
for example, gallium and arsenic (GaAs). The second layer 12 is formed 
by a P-type semiconductor made of, for example, gallium and arsenic 
(GaAs) . The third layer 13 is formed by an' N-type semiconductor made of, 
for example, aluminum, gallium, and arsenic (AlGaAs) . With such a 
structure, the first layer 11 functions as a collector, the second layer 
12 functions as a base, and the third layer 13 functions as an emitter. 

[0035] 

With such a structure, the unit element 1 forms a gallium-arsenic 
(GaAs) type hetero-bipolar transistor. Therefore, by arranging this 
unit element 1 at a desired position on a substrate, a high-speed 
amplification circuit on the order of Gigahertz, or the like, can be 
formed at the desired position. 
[0036] 

Furthermore, the unit element 1 is preferably formed as a very 
small tile-shaped semiconductor device (very small tile-shaped element) . 
This very small tile-shaped element' is, for example, a plate-shaped 
member having a thickness of several um or less and whose length and 
breadth is from several um to several hundred um. The method for 
manufacturing the very small tile-shaped element will be described later 
in detail. 
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As described above,- by forming the unit element 1 as a very small 
tile-shaped element, a high-speed amplification circuit element on the 
order of Gigahertz , or the like, can be formed in a very compact manner, 
and the circuit can be simply and easily pasted at a desired position on 
the substrate. 
[0037] 

By changing the materials forming the first layer 11, the second 
layer 12, and the third layer 13, the unit element 1 can form a silicon 
germanium (SiGe) hetero-bipolar transistor, an indium-phosphorus (InP) 
type hetero-bipolar transistor, or an indium-gallium-phosphorus (InGaP) 
type hetero-bipolar transistor. 

[0038] 

Next, a structure in which the unit elements 1 are connected in 
parallel to form one large output hetero-bipolar transistor 30 will be 
described with reference to Figs. 2 to 4 . Fig. 2 is a schematic side 
view showing the structure of the hetero-bipolar transistor (HBT) 30 
according to the embodiment of the present invention. Fig. 3 shows a 
modification of the hetero-bipolar transistor shown in Fig. 2. Fig. 4 
is a schematic plan view showing the structure of the hetero-bipolar 
transistor 30 shown in Fig. 2. 

[0039] 

On the top surface of one insulating substrate 20, common collecto 
wiring 21 made of a first metal film is formed in a rectangular shape. 
On the top surface of the common collector wiring 21, a plurality of 
unit elements 1 are joined. It is preferable that the unit elements 1 
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be arranged with a fixed spacing. This is for the purpose of making the 
electrical characteristics of the unit elements 1 matched. Each unit 
element 1 is formed in the shape of a very small rectangular tile. Here 
in each unit element 1, the third layer 13 has a shape which is longer 
and narrower than that of the first layer 11 and the second layer 12, 
and the third layer 13 is formed in such a manner as to cross on , the 
second layer. 
[0040] 

Furthermore, each unit element 1 is provided and arranged in such a 
manner that the first layer, the second layer, the third layer, the 
collector electrode C, the base electrode B, and the emitter electrode E 
cross the common collector wiring 21. The width of the common collector 
wiring 21 may be smaller than the longitudinal length of the unit 
element 1. Preferably, the width of the common collector wiring 21 is 
made to nearly match the longitudinal length of the- unit element 1. In 
other words, the above are provided so that both end sides in the 
longitudinal direction of the first layer, the second layer, the third 
layer, the collector electrode C, the base electrode B, and the emitter 
electrode E, nearly match both end sides in the longitudinal direction of 
the common collector wiring 21. 

[0041] 

The collector electrode C of each unit element 1 and the common 
collector wiring 21 are joined to each 1 other at least in an electrical 
manner. Here, the collector electrode C of each unit element 1 and the . 
common collector wiring 21 may also be joined to each other electrically 
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and mechanically. 
[0042] 

Furthermore, on the insulating substrate 2 0, common base wiring 22 
made of a second metal film, and common emitter wiring 23 made of a 
third metal film are formed. The common base wiring 22 is formed in a 
rectangular shape along one side in the longitudinal direction of the 
common collector wiring 21, and are not in contact with the common 
collector wiring 21 and the common emitter wiring 23. 

Then, the common base wiring 22 is electrically joined to the base 
electrode B of each unit element 1 by means of a connection section 
provided in a protruding shape on one side in the longitudinal direction 
of the rectangle. Therefore, the base electrodes B of the unit elements 
1 are electrically connected by the common base wiring 22. 
[0043] 

The common emitter wiring 2 3 is formed in a rectangular shape along 
one side (the opposite side of the common base wiring 22) in the 
longitudinal direction of the common collector wiring 21. Then, the 
common emitter wiring 23 is electrically joined to the emitter electrode 
E of each unit element 1 by means of a connection section provided in a 
protruding shape on one side in the longitudinal direction of the 
rectangle. Therefore, the emitter electrodes E of the unit elements 1 ' 
are electrically connected by the common emitter wiring 23. 

[0044] 

As' a result of the above, according to this . embodiment , whereas the 
common collector wiring (the first metal film) 21, the common base 
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wiring (the second metal film) 22, and the common emitter wiring (the 
third metal film) 23, which are wirings that connect the unit elements 1 
in parallel, are directly formed on the insulating substrate 20/ these 
wirings do not contact one another or do not intersect one another. 
Therefore, according to this embodiment, . since a plurality of unit 
elements (hetero-bipolar transistors) provided on the substrate plane 
can be connected in parallel without requiring air-gap wiring,, it is 
possible to easily manufacture a hetero-bipolar transistor which 
operates at a higher speed and whose output is larger than 
conventionally. 
[0045] 

Furthermore, according to this embodiment, since the first layer 11 
(the collector layer) of each unit element 1 is directly joined via the 
collector electrode C to one common collector wiring 21 provided on the 
insulating substrate 20, the heat dissipation characteristics can be 
improved compared to a case where the collector layer is directly formed 
on the insulating substrate as in the conventional structure. As a 
result, according to this embodiment, it is possible to easily form a 
compact hetero-bipolar transistor, in which the reliability can be 
improved and the driving power can be easily increased, which is capable , 
of operating at a higher speed than conventionally. 
[0046] 

The hetero-bipolar transistor 30 of this embodiment can be used in, 
for example, an emitter-grounded amplification circuit, and is suitable 
for use in a power amplifier for wireless communication of a several GHz 
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band. Therefore, by forming a wireless device, such as a mobile phone 

or a wireless LAN including the hetero-bipolar transistor 30, a higher- 
# 

performance, inexpensive wireless device can be provided. . Furthermore, 
the hetero-bipolar transistor 30 of this embodiment can be used in a 
base-grounded amplification circuit or a collector-grounded 
amplification circuit, and can also be used in an oscillation circuit. 
[0047] 

The hetero-bipolar transistor shown in Fig. 3 is such that the 
insulating substrate 20 of the hetero-bipolar transistor 30 shown in Fig. 
2 is replaced with a conductor substrate 20a and an insulating film 20b. 
That is, in the hetero-bipolar transistor shown in Fig. 3, the 
insulating film 20b is formed on the surface of the conductor substrate 
20a. Then, on the top surface of the insulating film 20b, common 
collector wiring, common base wiring, and common emitter wiring are 
formed. The remaining construction is the same as that of the hetero- 
bipolar transistor 30 shown in Fig. 2 in that a plurality- of unit 
elements 1 are provided in the common collector wiring, the collector 
electrode of each unit element 1 is connected to the common collector 
wiring, the base electrode of each unit element 1 is connected to the 
common base wiring, and the emitter electrode of each unit element 1 is 
connected to' the common emitter wiring. 
[0048] 

{Method for manufacturing "very small tile-shaped element) 

A description will now be given, with reference to Figs. 5 to 15, a 
method for manufacturing a very small tile-shaped element which forms 
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the unit element 1 and a method for bonding the very small tile-shaped 
element to the insulating substrate 20 (final substrate). In this 
method for manufacturing the very small tile-shaped element, ...an 
epitaxial lift-off method is used as a basis. Furthermore, in this 
manufacturing method, a description is given of a case in which a 
compound semiconductor device (compound semiconductor element) as a very 
small tile-shaped element is bonded to a silicon LSI chip, which is a 
final substrate. However, the present invention can be applied 
regardless of the type of semiconductor device and the type of LSI chip. 
The "semiconductor substrate" in this embodiment refers to an object 
made of a semiconductor material, but is not limited to a plate-shaped 
substrate; any semiconductor material no matter what shape it has is 
included in "semiconductor substrate". 

[0049] 
<First Step> 

Fig. 5 is a schematic sectional view showing a first step of this 
method for manufacturing a semiconductor integrated circuit. In Fig. 5, 
a substrate 110 is a semiconductor substrate, for example, it is a 
gallium-arsenic compound semiconductor substrate. In the bottommost 

layer in the substrate 110, a sacrifice layer 111 is provided. 

•> 

The sacrifice layer 111 is made of aluminum and arsenic (AlAs ) , and 
is a layer having a thickness of, for example, several hundred nm. 

For example, on the sacrifice layer 111, a function layer 112 is 
provided. The thickness of the function layer 112 is, for example, 
approximately from 1 urn to 10 (20) urn. Then, in the function layer 112, 



2003-097972 

- 27 - 

a semiconductor device (unit element 1) 113 is produced. As the 
semiconductor device 113, for example, instead of the unit element 1 or 
together with the unit element 1, a plurality of hetero-bipolar 
transistors (HBT) , high-electron-mobility transistors (HEMT) , or APC 
circuits may be formed. Every one of these semiconductor devices 113 is 
such that many epitaxial layers are layered on the substrate 110, 
forming an element. Furthermore, electrodes are also formed in each 
semiconductor device 113, and operation tests are performed. 

[0050] 
<Second Step> 

Fig. 6 is a schematic sectional view showing a second step of this 
method for manufacturing a semiconductor integrated circuit. In this 
step, a separation groove 121 is formed so as to divide each 
semiconductor device 113. The separation groove 121 is formed as a 
groove having at least a depth which reaches the sacrifice layer 111. 

For example, both the width and the depth of the -separation groove 
are set at 10 um to several hundred urn. Furthermore, the separation 
groove 121 is formed as a continuous groove without a dead end so that a 
selective etching solution (to be described later) flows through the. 
separation groove 121. Furthermore, preferably, the separation groove 
121 is formed in a lattice shape like the board of the game Go. 

Furthermore, by making the spacing between the separation grooves 
121 several ten um to several hundred um, the size of each semiconductor 
device 113, divided and formed by the separation groove 121, has a 
square area of several ten um to several hundred um. As a method for 
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forming the separation groove 121, a method using photolithography or 
wet etching, or a method using dry etching is used. Furthermore^ the 
separation groove 121 may be formed by dicing of a U-shaped groove in 
the range where a crack does not occur in the substrate. 

[0051] 
<Third Step> 

Fig. 7 is a schematic sectional view showing a third step of this 
method for manufacturing a semiconductor integrated circuit. In this 
step, an intermediate transfer film 131 is pasted to the surface (the 
semiconductor device 113 side) of the substrate 110. The intermediate 
transfer film 131 is a flexible film having an adhesive coated on its 
surface. 

[0052] 
<Fourth Step> 

Fig. 8 is a schematic sectional view showing a fourth step of this 
method for manufacturing a semiconductor, integrated circuit. In this 
step, a selective etching solution 141' is injected to the separation 
groove 121. In this step, since only the sacrifice layer 111 is 
selectively etched, as the selective etching solution 141, low- 
concentration hydrochloric acid having a high selectivity with respect 
to aluminum and arsenic is used. 

[0053] 
<Fifth Step> 

Fig. 9 is a schematic sectional view showing a fifth step of this 
method for manufacturing a semiconductor integrated circuit. In this 
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step, after the injection of the selective etching solution 141 to the 
separation groove 121 in the fourth step, all the sacrifice layer 111 is 
removed from the unit elements 110 by selective etching by passage of 
predetermined time. 

[0054] 
<Sixth Step> 

Figs. 10 and 11 are schematic sectional views showing a sixth step 
of this method for manufacturing a semiconductor integrated circuit. 
When all the sacrifice layer 111 is etched in the fifth step, the 
function layer 112 is separated from the substrate 110. Then, in this 
step, by separating the intermediate transfer film 131 from the 
substrate 110, the function layer 112 pasted to the intermediate 
transfer film 131 is separated from the substrate 110. 

As a result of the above, the function layer 112 on which the 
semiconductor device 113 is formed is divided by the formation of the 
separation groove 121 and by the etching of the sacrifice layer 111, 
being formed as a semiconductor element (the "unit element 1" of the 
above-described embodiment) in a predetermined shape (for example, in 
the shape of a very small tile-shaped element) , and it is pasted and 
held in the intermediate transfer film 131. .Here, preferably, the 
thickness of the function layer is, for example, from approximately 1 urn 
to 10 urn, and the size (the length and breadth) is, for example, from 
several ten urn to several hundred um. 
[0055] 

Next, as shown in Fig. 11, a metal film 162 is formed on the rear 
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surface side of the intermediate transfer film 131, and the collector 
electrode C is formed on the bottom surface of the function layer 112. 
That is, since the function layer 112 is held with its rear surface 
exposed, in the intermediate transfer film 131, the metal film 162 is 
formed on the rear surface side of the intermediate transfer film 131 by 
a vapor deposition method or a sputtering method. Here, as the metal 
film 162, a material by which ohmic contact with an N-type compound 
semiconductor can be obtained is preferable. For example, an alloy of 
gold (Au) and germanium (Ge) , a multilayer of nickel (Ni) and gold (Au) , 
or a multilayered film of titanium (Ti) and gold (Au) can be used as the 
metal film 162. 

[0056] 
<Seyenth Step> 

Fig. 12 is a schematic sectional view showing a seventh step of 
this method for manufacturing a semiconductor integrated circuit. In 
this step, by moving the intermediate transfer film 131 (to which a very 
small tile-shaped element 161 is pasted) , the very small tile-shaped 
element 161 (the unit element 1) is aligned to a desired position (the 
top surface of the common collector wiring 21) of a final substrate 171 
(the insulating substrate 20) . Here, the final substrate 171 is formed 
of, for example, a silicon semiconductor, with an LSI area 172 being 
formed therein. Furthermore, at a desired position of the final 
substrate 171, a bonding agent 173 for bonding the very small tile- 
shaped element 161 is coated in advance. The bonding agent may be 
coated in the very small tile-shaped element. For the bonding agent 17 3, 
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a bonding agent having high conductivity is preferable. 

[0057] 
<Eighth Step> 

Fig. 13 is a schematic sectional view showing an eighth step of 
this method for manufacturing a semiconductor integrated circuit. In 
this step, the very small tile-shaped element 161 aligned to the desired 
position (the top surface of the common collector wiring 21) of the 
final substrate 171 is pressed through the intermediate transfer film 
131 by means of a rear pressing jig 181 so as to be joined to the final 
substrate 171. Here, since the bonding agent 173 is coated at the 
desired position, the very small tile-shaped element 161 is bonded at 
the desired position of the final substrate 171. As a result, the 
collector electrode of the unit element 1 is electrically connected to 
the top surface of the common collector wiring 21. 
[0058] 

<Ninth Step> - ... 

Fig. 14 is a schematic sectional view showing a ninth step of this 
method for manufacturing a semiconductor integrated circuit. In this 
step, by causing the adhesive strength of the intermediate transfer film 
131 to be erased, the intermediate transfer film 131 is peeled of f from 
the very small tile-shaped element 161. 

For the adhesive of the intermediate transfer film 131, an adhesive 
having UV curing properties or heat curing properties is used. In the 
case of an adhesive having UV curing properties, for the rear pressing 
jig 181, a transparent material is used, and by radiating ultraviolet 
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rays (UV) from the front end of the rear pressing jig 181, the adhesive 
strength of the intermediate transfer film 131 is erased. In the case 
of an adhesive having heat curing properties, the rear pressing jig 181 
may be heated. Alternatively, after the sixth step, the adhesive 
strength may be erased from the entire surface by irradiating the entire 
surface of the intermediate transfer film 131 with ultraviolet rays. 
Although the adhesive strength is erased, in practice,, the adhesive 
strength slightly remains, and since the very small tile-shaped element 
161 is very thin and light, it is held in the intermediate transfer film 
131. 

[0059] 
<Tenth Step> 

This step is not shown. In this step, by performing a heating 
process, etc., the very small tile-shaped element 161 is fully joined to 
the final substrate 171. 

[0060] 
<Eleventh Step> 

Fig. 15 is a schematic sectional view showing an eleventh step of 
this method for manufacturing a semiconductor integrated circuit. Also, 
Fig. 15 shows a state in which the final substrate 171 is viewed from 
the view point B in Fig. 14. In this step, the base electrode B,« and 
the emitter electrode E of the unit element 1 formed of the very small 
tile-shaped element 161 are electrically connected to the common base 
wiring 22 and the common emitter wiring 23 on the insulating substrate 
20, which is the final substrate 171, completing a semiconductor 
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integrated circuit , such as one LSI chip. Examples of the final 
substrate 171 include a ceramic, glass, quartz, glass epoxy, plastic, 
and compound semiconductor, as materials which are used for the 
insulating substrate 20 for a hetero-bipolar transistor, shown in Fig. 2. 
Examples which are used for the conductor substrate 20a and the 
insulating film 20b for the hetero-bipolar. transistor, shown in Fig. 3, 
include an insulating film formed on a silicon substrate. Here, as the 
insulation film, an inorganic film of SiC>2, SiN, etc., or an organic 
film of polyimide, etc.,, can be used. 
[0061] 

As a result of the above, even if the insulating substrate 20, 
which is the final substrate 171, is, for example, plastic, a 
semiconductor element, which forms a hetero-bipolar transistor, can be 
formed on a substrate having a material different from that of the 
semiconductor element, that is, the unit element 1 which forms a hetero- 
bipolar transistor is formed at a desired position of the common 
collector wiring 21 of the insulating substrate 20. 

Furthermore, since, after the unit element 1 is completed on the 
semiconductor substrate, it is cut off to a very small tile shape, it is 
possible to select the unit element 1 by testing the unit element 1 in 
advance before the integrated circuit, which forms a wireless circuit, 
etc., is produced. 

[0062] 

According to the above-described manufacturing method, since 
handling is possible in such a manner that only the function layer 
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including the semiconductor element (the unit element 1) can be cut off 
as a very small tile-shaped element from the semiconductor substrate and 
can be mounted in the film, the unit elements 1. can be selected 
individually and can be joined to the insulating substrate 20, and the 
size of the unit element 1 which can be handled can be decreased more 
than that of the conventional mounting technology. Therefore, a hetero- 
bipolar transistor having desired performance can be provided simply and 
easily and at a lower cost. 
[0063] 

Furthermore, the hetero-bipolar transistor of this embodiment is 
suitable for a device which handles a high-frequency signal. 
Applications of the hetero-bipolar transistor of this embodiment include 
a power amplifier, a low-noise amplifier, and a pre-amplif ier of an RF 
circuit in wireless communication. Therefore, the hetero-bipolar 
transistor of this embodiment may be used in a power amplifier, a pre- 
amplifier, etc. in electrical wired communication. Furthermore, the 
hetero-bipolar transistor of this embodiment may be used in a laser 
driver, a pre-amplif ier , etc., in optical communication. Therefore, the 
hetero-bipolar transistor of this embodiment is' suitable for components 
of a mobile phone, a wireless LAN device, and an optical communication 
module. 

[0064] 

In the above-described manufacturing method, the very small tile- 
shaped element 161 (the unit element 1) is joined to the common, 
collector ^wiring 21 by using the conductive bonding agent 173; 
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alternatively, instead of the bonding agent, a solder can be used. 
Alternatively, joining is possible without the intervention of a bonding 
agent. For example, direct metal-metal joining may be performed by 
applying energy in a state in which the collector electrode C and the 
common collector wiring 21 are in direct contact with each other. 
Alternatively, after a palladium film is formed on the surface of at 
least one of the collector electrode C and the common collector wiring 
21 or preferably on both surfaces thereof, they may be directly joined 
together by causing them to be brought into contact with each other and 
by applying energy thereto. Since palladium is highly reactive, the 
energy required for joining can be reduced. 

[0065] 
(Electronic Device) 

A description will now be given of another example of an electronic 
device including a semiconductor integrated circuit (hetero-bipolar 
transistor) of the above-described embodiment. • - - - - 

Fig. 16 is a perspective view showing an example of a mobile phone. 
In Fig. 16, reference numeral 1000 denotes the main unit of the mobile 
phone including the hetero-bipolar transistor, and reference numeral 
1001 denotes a display section. 

[0066] 

Fig. 17 is a perspective view- showing an example of a wrist watch 
type electronic device. In Fig. 17, reference numeral 1100 denotes the 
main unit of a watch using the hetero-bipolar transistor, and reference 
numeral 1101 denotes a display section. 
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[0067] 

Fig. 18 is a perspective view showing an example of a portable 
information processing device, such as a word processor or a personal 
computer. In Fig. 18, reference numeral 1200 denotes an information 
processing device. Reference numeral 1202 denotes an input section, 
such as a keyboard. Reference numeral 1204 denotes the main unit of the 
information processing device- using the hetero-bipolar transistor. 
Reference numeral 1206 denotes a display section. 

[0068] 

The electronic device shown in Figs. 16 to 18 includes the hetero- 
bipolar transistor of the above-described embodiments. Therefore, a 
higher-speed, larger-output amplifier having good heat dissipation 
characteristics, high reliability, which can be manufactured easily, can 
be contained therein. Therefore, according to this embodiment, by, 
forming a mobile phone, a wrist watch, a portable information processing 
device, etc., including a wireless device formed of the hetero-bipolar 
transistor, a higher-performance, inexpensive electronic device can be 
provided. 

[0069] 

The technological scope of the present invention is not limited to 
the above-described embodiments. Various changes can be made within the 
scope without departing from the spirit of the present invention. 
Specific materials and layer structures described in the embodiments are 
merely examples, and changes are possible as appropriate. 
[Brief Description of the Drawings] 
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[Fig. 1] Fig. 1 is a schematic side view of a unit element according 
to the embodiment of the present invention. 

[Fig. 2] Fig. 2 is a schematic side view of an HBT according to the 
embodiment of the present invention. 

[Fig. 3] Fig. 3 is a schematic side view showing a modification of 
the HBT according to the embodiment of the present invention. 

[Fig. 4] Fig. 4 is a schematic plan view showing the HBT according to 
the embodiment of the .present invention. 

[Fig. 5] Fig. 5 is a schematic sectional view showing a first step of 
a method for manufacturing a very small tile-shaped element. 

[Fig. 6] Fig. 6 is a schematic sectional view showing a second step 
of the method for manufacturing a very small tile-shaped element. 

[Fig. 7] Fig. 7 is a schematic sectional view showing a third step of 
the method for manufacturing a very small tile-shaped element. 

[Fig. 8] Fig. 8 is a schematic sectional view showing a fourth step 
of the method for manufacturing a very small tile-shaped - element . 

[Fig. 9] Fig. 9 is a schematic sectional view showing a fifth step of 
the method for manufacturing a very small tile-shaped element. 

[Fig. 10] Fig. 10 is a schematic sectional view showing a sixth step 
of the method for manufacturing a very small tile-shaped element. 

[Fig. 11] Fig. 11 is a schematic sectional view showing a sixth step 
of the method for manufacturing a very small tile-shaped element. 

[Fig. 12] Fig. 12 is a schematic sectional view showing a seventh 
step of the method for manufacturing a very small tile-shaped element. 

[Fig. 13] Fig. 13 is a schematic sectional view showing an eighth 
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step of the method for manufacturing a very small tile-shaped element. 

[Fig. 14] Fig. 14 is the schematic sectional view showing a ninth 
step of the method for manufacturing a very small tile-shaped element. 

[Fig. 15] Fig. 15 is a schematic sectional view showing an eleventh 
step of the method for manufacturing a very small tile-shaped element. 

[Fig. 16] Fig. 16 shows an example of an electronic device including 
the circuit according to this embodiment. 

[Fig. 17] Fig. 17 shows an example of an electronic device including 
the circuit according to this embodiment. ^ 

[Fig. 18] Fig. 18 shows an example of an electronic device including 
the circuit according to this embodiment. 

[Reference Numerals] 

1 . . . unit element, 11 ... first layer, 12 ... second layer, 13 
third layer, 20 ... insulating substrate, 21 ... common collector wiring 
(first metal film), 22 ... common base wiring (second metal film), 23 .. 
common emitter wiring (third metal film), 30 . . . - hetero-bipolar 
transistor (HBT) 
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[Name of Document] ABSTRACT 
[Abstract] 

[Object] To provide a transistor capable of achieving a higher speed 
although its construction is easy to manufacture without requiring 
wiring to intersect three-dimensionally even if unit elements of 
transistors are connected in parallel, and to provide an electronic . 
device . 

[Solving Means] The transistor includes common collector wiring 21 
provided on an insulating substrate; a first layer, which is provided on 
the common collector wiring 21 which is made of an N-type semiconductor; 
a second layer, made of a P-type semiconductor, provided on the first 
layer low; a third layer, which is provided on the second layer and 
which is made of an N-type semiconductor; common base wiring 22, which 
is provided on the insulating substrate and which is connected to the 
second layer; and common emitter wiring 23, which is provided on the 
insulating substrate and which is connected to the third layer. 
[Selected Figure] Fig. 4 




